Abstract: Trichuris suis ova (TSO) have shown promising results in the treatment of inflammatory bowel disease (IBD) but the mechanisms which underlies this therapeutic effect cannot be studied in mice and rats as T. suis fails to colonize the rodent intestine, whilst hatching in humans and rabbits. As a suitable rabbit IBD model is currently not available, we developed a rabbit colitis model by administration of dextran sodium sulphate (DSS). White Himalayan rabbits (n = 12) received 0.1% DSS in the daily water supply for five days. Clinical symptoms were monitored daily, and rabbits were sacrificed at different time points. A genomewide expression analysis was performed with RNA isolated from caecal lamina propria mononuclear cells (LPMC) and intestinal epithelial cells (IEC). The disease activity index of DSS rabbits increased up to 2.1 ± 0.4 (n = 6) at day 10 (controls <0.5). DSS induced a caecum-localized pathology with crypt architectural distortion, stunted villous surface and inflammatory infiltrate in the lamina propria. The histopathology score reached a peak of 14.2 ± 4.9 (n = 4) at day 10 (controls 7.7 ± 0.9, n = 5). Expression profiling revealed an enrichment of IBD-related genes in both LPMC and IEC. Innate inflammatory response, Th17 signalling and chemotaxis were among the pathways affected significantly. We describe a reproducible and reliable rabbit model of DSS colitis. Localization of the inflammation in the caecum and its similarities to IBD make this model particularly suitable to study TSO therapy in vivo. 
Summary 24
Background: The therapeutic effect and the underlying mechanisms of the helminth species T. 25 suis, that has shown initially promising results for treatment of inflammatory bowel disease 26 (IBD) but more recently no benefit in Crohn's disease in human studies, cannot be studied in 27 mice and rats as T. suis fails to colonize the rodent intestine whilst hatching in humans and 28 rabbits. Since a suitable rabbit IBD model is currently not available, we developed a rabbit 29 colitis model by administration of dextran sodium sulphate (DSS). 30
Methods: White Himalayan rabbits (n = 12) received 0.1 % DSS in the daily beverage for 5 31 days. Clinical symptoms were monitored daily and rabbits were sacrificed at different time 32 points. A genome wide expression analysis was performed with RNA isolated from cecal 33 lamina propria mononuclear cells and epithelial cells. 34
Results: The disease activity index of DSS rabbits increased up to 2.1 ± 0.4 (n = 6) at day 10 35 (controls < 0.5). DSS induced a cecum localized pathology with crypt architectural distortion, 36 stunted villous surface and inflammatory infiltrate in the lamina propria. The histopathology 37 score reached a peak of 14.2 ± 4.9 (n = 4) at day 10 (control animals 7.7 ± 0.9, n = 5). 
Whole cecal tissue RNA extraction and quantitative real-time PCR 160
Total RNA was isolated using the RNeasy Mini Kit (Qiagen, Hilden, Germany) and the 161 automated sample preparation system Qiacube (Qiagen, Hilden, Germany) following the 162 manufacturer's recommendations. cDNA was synthesized with the High-Capacity cDNA 163
Reverse Transcription Kit (Life Technologies, Carlsbad, California, U.S.A ) 164
To study the transcription of immune response markers in rabbit intestine tissues, sequence-165 specific primers were applied (table 2) and q-rtPCR was performed according to Schnupf et 166 al. with some modifications (Schnupf and Sansonetti, 2012) . Amplifications were performed 167 in a total volume of 15 μl including 50 ng of cDNA, primers (0.2 μM each) and 7.5 ml of 168
Power SYBR Green mix (Life Technologies, Carlsbad, California, U.S.A). Reactions were 169 run in triplicate on an ABI 7900HT (Life Technologies, Carlsbad, California, U.S.A ) using 170 the universal thermal cycling parameters (2 min 54° C, 94.5° C 10 min, 40 cycles of 15 sec at 171 97° C and 60 sec at 59.7° C; dissociation curve: 15 sec at 95° C, 15 sec at 60° C and 15 sec at 172 95° C). Results were analysed with the sequence detection software ABI 7900HT SDS2.4. 173
For quality control purposes all samples' dissociation curves were acquired and amplification 174 products were visualized by 2 % agarose gel electrophoresis. Primer sequences are listed in 175 
Isolation of cecal lamina propria mononuclear cells (LPMC) and intestinal epithelial cells 178 (IEC) 179
Cecal LPMC and IEC were isolated as previously described , with 180 some modifications. Briefly, the dissected mucosa was washed with Ca + -and Mg + -free PBS, 181 the cecal fold was removed and discarded. The tissue was cut and incubated in medium control. Measurements were performed in triplicates; relative expression was calculated using 227 the ΔΔCt method. 228
Histopathological evaluation of colitis 229
After careful dissection and fixation, tissues were routinely embedded in paraffin. Serial 230 sections of 5 μm were cut using a microtome (Carl Zeiss AG, Feldbach, Switzerland) and 231 stained with haematoxylin-eosin to investigate epithelial damage and cellular infiltration. The 232 histological changes in the cecum were quantified in a blinded manner by two investigators 233 with a scoring system (range 1 -24) for morphological features and infiltration of immune 234 cells according to the scoring system described in table 3 (Kojouharoff, et al., 1997) , (Cooper, 235 et al., 1993) , (Day, et al., 2008) . 236
Analysis of myeloperoxidase activity 237 MPO activity was measured in different regions of the gastrointestinal tract as previously 238 described. MPO activity was calculated as mean absorbance (460 nm 
1990) 241

Statistical analysis 242
The results of the 0.1 % DSS colitis were obtained in two different experiments (n = 8 and n = 243 4). As the experimental protocol was identical for both experiments results were pooled 244 together. The data obtained from this study was analysed using IBM-SPSS statistic 21. The 245 majority of the examined parameters were asymmetrically distributed. For the comparison of 246 the treatment groups the non-parametric Mann -Whitney U-test for two independent samples 247 was used. 248
Results
249
Clinical symptoms of DSS exposure in rabbits 250
Since rabbits have a more sensitive digestive tract in comparison to mice, the concentration of 251 DSS to induce colitis had to be drastically decreased. We observed a reduction of daily 252 beverage intake that we ascribed to the unpleasant taste of DSS. To overcome this problem, 253 DSS was dissolved in organic fennel tea that successfully masked the taste of the DSS and 254 restored a normal beverage intake during DSS exposure. 255
A pilot study (data not shown) showed that administration of 0.1 % DSS in fennel tea for 3 256 days reduced the normal weight gain from day 5 on in the treated animals. This effect was no 257 longer present from day 14 on indicating a restitution of the colitis. Other clinical symptoms 258
were not evident. Histological analysis of HE stained intestinal samples showed no clear signs 259 of inflammation; only a slight reduction in the number of goblet cells in the cecum at day 7 260 and 10 was observed. Subsequently, the duration of the DSS phase was increased from 3 to 5 261 days. 12 white Himalayan rabbits were fed for 5 days with 0.1 % DSS in the daily beverage 262 (fennel tea), whilst control rabbits (n = 5) housed in the same facility were given fennel tea 263 without DSS. The earliest symptoms manifested at day 4, when the rabbits started to 264 gradually diminish the daily food and beverage intake from the initial 120 g/day pellet and 265 210 ml/day beverage intake at day 1 down to 40 g/day and 100 ml/day at day 7 (figure 1 A, 266 B). 267
Exposure to 0.1 % DSS markedly reduced the weight gain (figure 1 C). Further symptoms 268 included the presence of loose and smeared stool ( figure 1 D) , behavioural abnormalities such 269 as apathy or aggressiveness and unclean fur. A combinatorial index of disease, (figure 1 E, 270 disease activity index DAI, described in the methods section) was used to quantify the 271 severity of the monitored clinical symptoms. We found that whilst the DAI of control rabbits 272 remained at baseline (DAI < 0.5), the DAI of rabbits receiving DSS increased significantly 273 starting from day 5 (DSS: 0.47 ± 0.32, n = 12; control: 0.08 ± 0.10. n = 5) and rose up to 2.1 274 at day 12. 275
DSS induces a cecum localized pathology 276
Histological evaluation of the intestinal tract revealed a cecum localized pathology, whereas 277 no clear signs of tissue damage were observed in other regions of the intestinal tract (colon 278 and ileum, figure 2). 279
Histopathology of the cecum was characterized by infiltration of immune cells into the 280 epithelial layer and the lamina propria and by morphological changes such as villous stunting, 281 crypt distortion and villous epithelial injury (figure 3 a, c, d). The global histology score was 282 increased from day 4 onward (figure 3b). The severity of the damage increased progressively 283 even after the removal of DSS from a baseline value of 7.7 ± 0.9 in control rabbits (n = 5) to 284 an average score of 13.3 ± 5.0 at day 10 (n = 4) and further increased until day 14. 285
Expression analysis of genes involved in the immune response 286
To evaluate the inflammatory response in DSS treated rabbits, we analysed the mRNA 287 expression of inflammation related genes by q-rtPCR. iNOS, IFNγ and IL-12 p35 were 288 chosen as they have been implicated in IBD and have been shown to be overexpressed in 289 inflamed rabbit tissue (Schnupf and Sansonetti, 2012 
DSS transiently increases neutrophil infiltration in the rabbit cecum 318
The neutrophil infiltration into inflamed tissues was monitored by analysis of 319 myeloperoxidase (MPO) activity (Bradley, et al., 1982) . MPO activity in the cecum of DSS 320 treated rabbits transiently increased at day 5-7 before returning to baseline levels at day 14 321 (figure 8 a), due to the low number of animals the change did not reach statistical 322 significance. Analysis of MPO in the ileum and the colon showed no significant differences 323 between colitis animals and the control group ( figure 8 b,c) . In the ileum, the basal MPO 324 activity in untreated rabbits was higher than in the cecum but no changes occurred upon 325 exposure to DSS. Overall, our results suggest that the DSS induced infiltration of neutrophils 326 predominantly localizes in the cecum. 327
Discussion 328
The helminth parasite T. suis has shown promising results for the treatment of IBD in human 329 studies. Unfortunately, efficacy and safety (in particular in immune-compromised subjects) as 330 well as the underlying mechanisms cannot be studied in the well-established mouse and rat 331 models of IBD since the parasite's ova fail to hatch in the intestine of these rodents. T. suis 332 ova (TSO) hatch in pig (the natural host), men, and rabbits. Since the life cycle of T. suis in 333 human and in rabbits appears similar, a rabbit model of colitis would represent an adequate 334 model for investigations into TSO therapy. The aim of the present study was to develop an 335 IBD model in rabbits by administration of dextran sodium sulphate (DSS) in the daily 336
beverage. This study shows that administration of 0.1 % DSS for 5 days is sufficient to induce 337 a clear acute inflammation that is localized in the cecum. Localization of the pathology in the 338 cecum makes the DSS model particularly suitable to study the effects of T. suis ova (TSO) 339 treatment as the cecum is the site of T. suis colonization in rabbits. 340
In accordance with the disease manifestation in other species, the clinical symptoms observed 341 in rabbits were reduced weight gain, reduced food and beverage intake, loose stools and 342 unclean fur(Wirtz, Neufert, Weigmann and Neurath, 2007). The strong reduction in liquid 343 intake began after five days, only, hence the daily intake of DSS remained constant 344 throughout the whole induction phase. 345
The reduction in food intake reflects the response to abdominal discomfort and the 346 disturbances in feeding behaviour that are seen in patients with inflammation of the 347 gastrointestinal tract (Rigaud, et al., 1994) and are also commonly observed in mouse and rat 348 The cecum localization of the DSS induced inflammation is also observed in guinea pigs and 359 in the Mongolian gerbil model (Iwanaga, et al., 1994) , (Bleich, et al., 2010) . These species 360 possess a functional cecum that is particularly enlarged and provides a niche for the microbial 361 fermentation of cellulose (Snipes, 1982) , (Snipes, 1997) . The cecum localization of the DSS 362 induced inflammation might be due to an increased permeability of the intestinal barrier to 363 DSS in this particular section of the intestine (Hoshi, et al., 1996) . The localization of the 364 lesions in gerbils has been linked to the increased absorption of sulphated polysaccharides in 365 this particular section of the gerbil intestine and absorption of DSS in the cecum has also been 366 reported in rabbits (Sharratt, et al., 1971 ) and might explain our observations. In accordance 367
with DSS models in other species, DSS treatment induced both a disruption of the mucosal 368 morphology and an infiltration of immune cells (Melgar, Karlsson and Michaelsson, 2005) . In 369 particular, the histopathology of the cecum displays crypt loss, epithelial damage and 370 infiltration of immune cells. These manifestations reproduce characteristic traits commonly 371 observed in ulcerative colitis (Okayasu, et al., 1990) . Despite the progressive amelioration of 372 the clinical symptoms after their peak at day 9, the histological damage persists longer and 373 displays some characteristics of chronic intestinal inflammation such as the atypical branching 374 of the crypts. 375
The initial pathology (day 4 -9) presents classical features of an acute inflammation. is shown relative to gapdh in the distal colon, n = 4-9. Values are given as mean ± SD and 597 difference between groups was tested by two-tailed Student's t test. 598 
